Eighteen wether lambs, surgically equipped with abomasal and ileal cannulae, were used in two metabolism trials. Two levels of dietary Mg (.1 and .2%) and three levels of K (.6, 2.4 and 4.8%, dry basis) were fed with a 2 x 3 factorial arrangement. Each trial consisted of a 10-d preliminary period, a 7-d collection of feed, feces and urine for determining mineral balance and a 6-d sampling of feed, abomasal and ileal fluid and feces to determine flow and site of mineral absorption. Magnesium absorption occurred before the small intestine. Feeding 2.4 and 4.8% K decreased (P<.05) Mg absorption by 24.4 and 61.2%, respectively. Preintestinal absorption of Mg was depressed linearly with increases in dietary potassium. Larger amounts of Mg flowed to the small intestine and were excreted in the feces when the high level of Mg was fed. A net secretion of Mg into the small intestine followed by a small amount of Mg absorption in the large intestine was also found. Serum Mg was depressed 7 and 10% when diets containing 2.4 and 4.8% potassium were fed, respectively. Magnesium level did not affect K absorption or balance. Potassium absorption, retention and urinary excretion increased (P<.05) with increasing K level. Animals fed the low K diet had a negative absorption of K preintestinally with the small intestine being the main site of absorption. Increasing K level resulted in approximately equal amounts of K being absorbed in the stomach and small intestine.
Introduction
Hyp0magnesemic tetany has been recognized as a serious problem in virtually every region in the United States as well as in other countries. Beef cows are most often affected, with older animals being most susceptible (Crookshank and Sims, 1955; Blaxter and McGill, 1956 ). The disease usually occurs shortly after calving in the spring when cows are grazing lush pastures. Grass tetany prone pastures are frequently high in K. For example, forage from lush wheat pasture may contain 5.0% K, dry basis (Miller, 1939) . An increased intake of dietary K has been shown to decrease apparent Mg availability in ruminants (Kemp et al., 1961; Newton et al., 1972 , Greene et al., 1983 . The primary site of Mg absorption is the ruminant stomach (Pfeffer et al., 1970; Thomas and Potter, 1976) . Thomas and Potter (1976) reported a net secretion into the small intestine with a positive uptake of Mg from the large intestine.
The objective of these trials was to determine the site of impaired Mg absorption when high levels of dietary K were fed. The effects on the metabolism of Ca, Na, K and P were also studied.
Experimental Procedure
Eighteen crossbred wether lambs (average weight, 36.0 kg), surgically equipped with abomasal and ileal cannulae, were used in two metabolism trials. Lambs were blocked according to breed type and body weight and randomly allotted to six treatments for trial 1. For trial 2, animals were reallotted to experimental treatments with the restriction that an animal would not receive the same treatment during both trials. The treatments consisted of two levels of Mg (.1 or .2%) and three levels of K (.6, 2.4 or 4.8%, dry basis) in a 2 • 3 factorial arrangement. Lambs were fed 795 g/d of a basal diet (table 1) Ca and P. Sufficient amounts of reagent grade magnesium oxide and potassium bicarbonate were fed in addition, to provide appropriate amounts of mg and K, respectively. This amounted to .4 and 1.5 g magnesium oxide/d for animals fed the two levels of Mg and 4.0, 26.8 and 78.6 g potassium bicarbonate/d for the animals fed the three levels of potassium. Chromic oxide was incorporated into the basal diet at the rate of .5% to be used as a marker to study the flow of minerals in the digestive tract.
Supplemental potassium bicarbonate and magnesium oxide were premixed with corn and mixed with the basal diet at time of feeding. Animals were fed equal portions of the daily diet at 0600 and 1800 h. The lambs were introduced to the experimental diets over a 5-d period. The animals were housed in false bottom metabolism stalls designed for the total collection of feces and urine. A lO-d preliminary period was followed by a 7-d collection period, during which total feces and urine were collected. Procedures used in collection and of sampling feed and excreta were as described by Greene et al. (1983) . Following the collection period, a 6-d sampling period was used to sample feed, abomasal and ileal fluid and feces to study flow of minerals in the digestive tract. Total feces were collected daily, dried in a forced air oven at 65 C and composited for the 6-d period. Abomasal and ileal fluids were collected simultaneously twice daily. Sampling time was determined by randomly assigning the even hours to one of six sampling days (Potter et al., 1969) . Approximately 80 ml of abomasal contents and 30 ml of ileal contents were collected at each sampling and frozen. Following the sampling period, an equal volume (25 ml) of abomasal fluid and an equal weight (15 g) of ileal fluid from each sample were composited for each animal. The samples were freeze dried for subsequent analysis. Chromic oxide was used as an indicator to determine the amount of digesta passing the abomasal and ileal cannulae and entering the feces. Blood samples were taken via jugular puncture 3 h postfeeding on the last day of each trial. Chromium was determined on composited feed, abomasal, ileal and fecal samples by the procedure described by Hill and Anderson (1958) . Feed, fecal, abomasal and ileal samples were wet ashed by the method of Sandel (1950) . Feed, fecal, abomasal, ileal, urine and serum samples were analyzed for Mg and Ca by atomic absorption and Na and K by emission spectrophotometry utilizing a Perkin-Elmer 403 Atomic Absorption Spectrophotometer. Samples were analyzed for P by the method of Fiske and Subbarow (1925) . Data from trials 1 and 2 were pooled and analyzed using the General Linear Models (GLM) procedure of the Statistical Analysis System (SAS, 1979) . First and second degree polynomial regressions were calculated by GLM. Trials and blocks were included in the statistical model. All data were summarized by main effects due to the absence of significant Mg by K interactions.
Results and Discussion
Fecal Mg excretion increased linearly (P <.05) with increasing levels of K, resulting in a linear decrease (P<.05) in absorption of Mg (table 2). Magnesium absorption was depressed 24.4 and 61.2% when 2.4 and 4.8% K diets were fed, respectively. The primary site of depressed Mg absorption appeared to be the preintestinal area. Potassium depressed Mg absorption in this area linearly (P<.05) when expressed as g/d or percentage of intake. Net secretion of Mg occurred in the small intestine and a small amount of absorption occurred in the large intestine. Level of K did not affect Mg absorption in the small and large intestine. During the collection period, urinary Mg excretion decreased (P<.05) when increasing levels of K were fed, reflecting the lower absorption of Mg. Magnesium retention was not affected by dietary K. Chicco et al. (1972) , however, reported a high correlation between Martens et al. (1978) studied the uptake of Mg by rumen epithelium in vitro. They showed that a net uptake of Mg occurred across an electrical potential difference that was associated with the presence of an unaltered transmural potential difference in the mucosal tissue. Those data suggest that the mechanism of Mg absorption by the rumen epithelium can be considered as an active transport process and that the rumen is a primary site for Mg absorption. In the present study, there was net secretion of Mg into the small intestine and limited absorption Newton et al. (1972) showed that feeding lambs 5.5% K resulted in no change in fecal K and a higher percentage of K in the urine, retained and absorbed. In the present study, the increase in K absorption when high levels were fed occurred in the stomach and small intestine. Animals fed the low K (5.46 g/d) diet, had a negative absorption from the stomach, with the primary site of absorption being the small intestine. Absorption in lambs fed the intermediate (18.16 g/d) or high (35.85 g/d) level of K was similar for the stomach and small intestine. Therefore, at low K intakes, the major site of absorption is the small intestine, but at high intakes, the stomach becomes important. Regardless of K level, a small quantity of K was absorbed in the large intestine. Potassium absorption in the large intestine decreased (P <.05) when expressed as percentage of intake, with increasing K levels. Dietary Mg level had no effect on potassium excretion, balance or flow through the digestive tract.
Calcium balance and flow data are shown in table 4. Magnesium and K did not alter Ca absorption at any site in the digestive tract. Calcium was excreted into the stomach and large intestine and absorbed from the small intestine. These data suggest that the primary site of Ca absorption is in the small intestine in contrast with reports of Grace et al. (1974 Grace et al. ( , 1977 indicating a net absorption of Ca from the stomach, a net secretion into the small avalues averaged over Mg levels. bValues averaged over K levels.
Ccurvilinear effect of K (P<.05).
intestine and a small net absorption in the large intestine. Kempt et al. (1973) reported a net secretion of Ca into the stomach and that the primary site of Ca absorption was the intestine. In the present study, a statistically significant difference was not observed in a fecal Ca excretion, but animals fed 2.4% K excreted less Ca in the urine than those fed the low level (.6%). Calcium retention (percentage of absorbed) decreased (P<.05) with the high level of Mg and increased when K was added above .6%. Increasing K levels resulted in less (P<.05) fecal excretion and greater (P<.05) absorption of Na (table 5) . Sodium was absorbed primarily in the intestinal region and excreted into the stomach in animals fed all treatments. Excretion into the stomach was less (P<.05) when higher levels of potassium were fed. Sodium absorption from the small and large intestine was similar when low K diets were fed with reductions in absorption (P<.05) from the small intestine with increasing K level. Newton et al. (1972) observed that lambs fed high K diets had less fecal excretion and greater absorption and urinary excretion of Na. Magnesium level did not affect net Na absorption or retention. Preintestinal Na secretion (percentage of intake) decreased (P<.05) in animals fed high Mg diets. Less Na entered the large intestine and was absorbed when high Mg diets were fed.
Level of Mg or K did not affect total P absorption (table 6). The primary site of P absorption was in the small intestine. Approximately 73% of the P entering the small intestine was absorbed in this region. Substantial secretion occurred in the stomach, with a small uptake of P from the large intestine. Increasing K decreased (P<.O5) preintestinal P secretion and decreased absorption from the small intestine, expressed as g/d and percentage of intake.
Increasing the level of K in the diet depressed (P<.05) serum Mg levels by 7 and 10% when 2.4 and 4.8% K diets were fed, regpectively (table 7) . Kunkel et al. (1953) and Field and Suttle (1979) also reported significant depressions in blood serum Mg levels with high levels of dietary K. Serum Mg levels were. not signifi- bvalues averaged over K levels.
CLinear effect of K (P<.05). cantly different between levels of Mg. Calcium, K and inorganic P values were not affected by treatment and are in the normal range of those found in the literature. Dietary K did not affect serum Ca, K, Na and inorganic P. The high level of dietary Mg resulted in an 8% depression (P<.05) in serum Na. From the data presented it appears that magnesium absorption is depressed primarily in the stomach when high levels of potassium are fed.
